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Alternative Forms of Exercise Training as Complementary Therapy in the Prevention and Management of Type 2 Diabetes
This review explores the available evidence for the benefits of performing conventional (cardiovascular, resistance, and combined) or alternative forms of exercise training (yoga, tai chi, and qigong) on glycemic control for individuals with impaired glucose tolerance and type 2 diabetes. Based on the available evidence, it appears that a combined cardiovascular and resistance exercise training program should be part of a comprehensive treatment program for the prevention and management of type 2 diabetes, as recommended by American Diabetes Association guidelines.
The prevalence of type 2 diabetes has been increasing during the past decade and is projected to reach ~ 300 million individuals worldwide by 2025. 1, 2 In the United States, there are > 24 million individuals living with diabetes, with an estimated additional 25% currently undiagnosed. 3 The projected prevalence of diabetes is expected to increase 165% by 2050 in the United States, primarily because of an increase in type 2 diabetes. 4 Of particular concern are the comorbidities associated with the development of type 2 diabetes, including chronic kidney disease and macro-and microvascular disease such as cardiovascular disease (CVD), peripheral artery disease, retinopathy, and neuropathy. 5 These complications contribute to a disproportionate use of health care resources and cost to the Medicare system, approaching 10% of total Medicare expenditures. 5 There has been a dramatic increase in the risk factors for type 2 diabetes, including obesity and physical inactivity, contributing to the increasing prevalence of impaired fasting glucose levels and pre-diabetes. 6 Pre-diabetes, or hyperglycemia that does not meet criteria for a diabetes diagnosis, is defined as a fasting blood glucose level of 100-125 mg/dl or an oral glucose tolerance test resulting in a blood glucose level of 140-199 mg/dl. 2 This population is considered to be at the highest risk for developing type 2 diabetes. 5 A complete discussion of the complex etiology and pathophysiology of type 2 diabetes is beyond the scope of this review and has been discussed extensively elsewhere. 7 Re g u l a r mo derate -i nten sit y (50-75% of heart rate reserve) cardiovascular exercise training of at least 150 minutes per week, alone or in conjunction with resistance exercise training three times per week, has been shown to improve glucose control and glucose disposal, improve insulin sensitivity, contribute to weight loss, and improve the CVD risk factor profile in patients with impaired glucose tolerance and type 2 diabetes. 2 The interest in alternative forms of exercise has been increasing steadily during the past few decades; however, the evidence base related to the use of these popular alternative forms of exercise in the prevention and management of chronic disease has not been widely disseminated. This review focuses on the use of alternative forms of exercise as complementary therapy in the prevention and treatment of type 2 diabetes and CVD risk factor reduction in individuals with impaired glucose tolerance and type 2 diabetes. Although regular exercise training is considered a cornerstone of complementary therapy, it is frequently underutilized as a treatment strategy for the prevention and treatment of diabetes.
Regular Exercise Training in the Prevention and Management of Type 2 Diabetes
Several epidemiological prospective studies have shown a strong association between physical inactivity, From Research to Practice / Diabetes and CAM Therapies obesity, and incidence of type 2 diabetes. [8] [9] [10] [11] In 1991, Helmrich et al. 9 reported that an increase in leisure time physical activity was associated with a reduction in the risk of developing type 2 diabetes, as compared to no leisure time physical activity. This study was followed by the large prospective Nurses Health Study 10 and the Health Professionals' Study. 11 These studies reported a 26-38% reduction in development of diabetes, associated with increased leisure time physical activity, as compared to no leisure time physical activity. In addition, it appears that an increase in cardiovascular fitness (as measured by peak oxygen consumption) is associated with a reduced risk of developing type 2 diabetes. [12] [13] [14] Lifestyle modification that includes increased physical activity and exercise in conjunction with diet modification has been shown to be effective in reducing the risk of developing type 2 diabetes in patients with impaired glucose tolerance, as well as improving glucose control in patients with diagnosed type 2 diabetes. [15] [16] [17] In fact, lifestyle modification is considered the initial treatment option for people with impaired fasting glucose or impaired glucose tolerance. 2 Regular cardiovascular exercise training (generally 30 -60 minutes, three to five times per week at 60-75% heart rate reserve [moderate intensity] for 12 or more weeks) has been demonstrated in multiple randomized control trials to be very beneficial in improving glucose control and preventing progression to type 2 diabetes. [16] [17] [18] [19] [20] [21] [22] [23] Meta-analyses of moderate cardiovascular exercise training in individuals with type 2 diabetes have shown improved A1C levels (−0.6-0.7%), fasting (−0.5%) and postprandial (−9%) blood glucose levels, insulin sensitivity (28%), and fasting insulin levels (−20%). [18] [19] [20] [21] The plausible mechanisms of a cardiovascular exercise-induced improvement in glucose control have been reviewed extensively elsewhere and are presented in Table 1 . [24] [25] [26] Regular resistance exercise training (in general, one to three sets of 10-15 repetitions at moderate intensity [70-85% of one repetition maximum], two to three times per week) has been demonstrated to improve glycemic control in individuals with impaired glucose tolerance and type 2 diabetes (reduction of A1C levels of 0.4-1.0%) similar to cardiovascular exercise training in several randomized controlled trials as well as meta-analyses. 18, 20, 21, 23, [27] [28] [29] The resistance exercise training-induced benefits on glucose control appears to be related to a muscle contractioninduced increase in insulin-independent glucose transporters, thereby facilitating and increasing glucose uptake, as well as an increase in muscle mass that occurs in response to resistance exercise training, which increases glycogen storage potential. 18, 21, 30, 31 Randomized, controlled trials that have investigated the combination of resistance and cardiovascular exercise training have indicated an additive effect on blood glucose control even in the presence of low A1C levels. 18, 21, 23 It appears that the combination of cardiovascular and resistance exercise training in individuals with type 2 diabetes results in an average improvement in A1C levels (−0.8%), fasting (−1.5%), and postprandial (−6%) blood glucose levels, insulin sensitivity (106%), and fasting insulin levels (−7%). 18, 21 These trials, in combination with meta-analyses, have led the American Diabetes Association to recommend that in order to prevent or manage type 2 diabetes, individuals with impaired glucose tolerance or type 2 diabetes should participate in cardiovascular exercise training at a minimum of 150 minutes per week of moderateintensity exercise in combination with 3 days per week of moderate-intensity resistance exercise training. 2
Yoga Exercise Training in the Prevention and Management of Type 2 Diabetes
Chronic stress and negative affective states can contribute significantly to the development of pre-diabetes and exacerbate the major risk factors for developing type 2 diabetes. 32 In response to these findings, the interest in mind-body therapies has increased during the past few decades. Especially accepted is the use of yoga, which has gained significant popularity among all age-groups and both sexes. Yoga is a traditional form of exercise originating from India that has been used as a therapy for many chronic conditions, including diabetes. The interest in yoga is related to the ease of use, safety, and multiple psychological benefits, including stress reduction and mental health well-being. 33,34 There are seven major branches of yoga; 33,34 for the purpose of this review, however, all branches will be referred to only as "yoga."
To our knowledge, there have been 22 randomized, controlled trials evaluating the efficacy of yoga on the impact of risk factors for type 2 diabetes. This has provided some evidence that suggests that regular practice of yoga (over 3-6 months) may attenuate the risk of developing type 2 diabetes and improve glucose control in healthy adults. [35] [36] [37] [38] [39] There have been only five 24-26. randomized clinical trials that have investigated the use of yoga in individuals with type 2 diabetes. There are limitations with the published studies, including great variation in intervention design, duration, and frequency; lack of randomization and control groups; and study designs that were underpowered for detection of significant treatment effects.
One nonrandomized, controlled trial reported an improvement in fasting blood glucose levels in people with hypertension and CVD after 12 months of regular yoga (21 supervised sessions), as compared to usual medical care. 35 Two randomized, controlled trials reported conflicting results in glucose control and insulin resistance in individuals with CVD after regular yoga. 36, 37 The negative trial 37 consisted of 8 weeks of practice followed by a 1-year follow-up, whereas the positive trial 36 investigated the use of 14 weeks of supervised yoga. The design and duration of these interventions are clearly different and could explain the difference in outcomes.
Uncontrolled trials have reported improvements in fasting and postprandial glucose levels and A1C levels in patients with type 2 diabetes. 34 A recent uncontrolled trial by Gordon et al. 38 compared regular cardiovascular exercise to yoga and reported similar improvements in glucose control and lipid profiles. One small (n = 21), randomized, controlled trial compared 12 weeks of regular yoga class to usual medical care in people with diagnosed type 2 diabetes. 39 This study reported significant improvement in fasting glucose control and A1C levels, as compared to the usual-care control group.
The potential mechanism of the protective benefits of yoga exercise remains unknown. Yoga exercise increases parasympathetic/vagal control of the heart and reduces sympathetic activation, as well as reducing systemic inflammation. 34 In addition, yoga results in enhanced feelings of well-being and reduces stress levels, which indirectly reduces sympathetic stimulation. Other postulated mechanisms include skeletal muscle activation during yoga, which increases glucose metabolism similar to other modes of exercise, and an improvement of CVD risk factor profile. 34 Although two reviews 33,34 have attempted to quantify the efficacy of yoga in improving measures of glucose control, the paucity of randomized, controlled trials (n = 5) limits definite conclusions regarding the efficacy of yoga on risk factors for type 2 diabetes or glucose control.
Cardioprotective Effects of Yoga Exercise Training in Patients With Type 2 Diabetes
There is a paucity of studies that have investigated the effect of yoga on vascular function in participants with diabetes. Sivasankaran et al. 40 investigated the effect of 6 weeks of yoga on endothelial function measured by brachial artery flow-mediated vasodilation in healthy participants and in participants with CVD. This study reported a significant improvement in endothelial function in people with established CVD but not in individuals without known disease. The same study reported significant reductions in blood pressure, heart rate, and BMI. However, there were no improvements observed in C-reactive protein, fasting glucose, or lipid profiles. 40 This study lacked a control group and was very short in duration (6 weeks). However, it is plausible that yoga can improve endothelial function in people with impaired vascular function.
The efficacy of yoga to improve the total cholesterol and lipoprotein levels of participants with type 2 diabetes is variable, but on average it appears that 6-12 months of yoga exercise improves triglyceride levels similar to conventional exercise training. However, this observation is based on only three randomized controlled trials. 33 Yoga appears to be beneficial in reducing blood pressure levels (range 4.9-24.2%) and heart rate (8.4%) in individuals with established CVD, based on six randomized, controlled trials. 33, 34 There is preliminary evidence that regular yoga exercise training reduces oxidative stress markers and fibrinogen levels in nonrandomized, controlled, and uncontrolled trials. 38, 39, 41 Nine randomized, controlled trials have investigated the efficacy of yoga exercise on sympathetic/parasympathetic activation, with the majority of studies reporting significant increases in heart rate variability and baroreceptor reflex sensitivity in individuals with CVD. 33, 34, [42] [43] [44] To our knowledge, no randomized controlled trials have investigated yoga and sympathetic/ parasympathetic activation in individuals with type 2 diabetes.
Tai Chi Exercise Training in the Prevention and Management of Type 2 Diabetes
Tai chi is an ancient form of therapeutic meditative exercise that includes linked choreographed movements, which provide a fluid form of motion with a varying center of gravity. As with yoga, there are numerous different branches of tai chi; however, for the purpose of this review, all branches will be referred to only as "tai chi."
Nonrandomized and uncontrolled trials have generally been positive, reporting significant reductions in A1C levels and improvements in insulin sensitivity. [45] [46] [47] Zhang and Fu 48 reported significant improvements in fasting glucose and a reduction in insulin levels after 14 weeks of tai chi exercise (1 hour/day) in a selected group (n = 20) of people with type 2 diabetes, as compared to a control group performing no exercise. Wang et al. 49 reported similar findings after 8 weeks of tai chi exercise in an uncontrolled study.
However, randomized, controlled investigations comparing tai chi to sham exercise (e.g., stretching or light calisthenics) or usual care have reported no improvements in A1C levels or fasting blood glucose levels. 46, 50 The lack of positive findings from these studies may be related to an insufficient intensity level of the specific form of tai chi performed. Recently, Lam et al. 51 performed a randomized, controlled trial investigating the efficacy of 6 months of tai chi exercise on glycemic control in 53 participants with type 2 diabetes, as compared to a group receiving usual medical care. The results of this study were largely negative with no significant differences observed between groups in any variables. The authors speculated that the lack of statistically meaningful findings was because of insufficient sample size and low power, as well as the low intensity of the tai chi exercise.
Interestingly, it appears that tai chi exercise intensity is similar to moderate-intensity cardiovascular exercise (55-67% of heart rate reserve) across sex and age-groups. 48, 52 Thus, classical tai chi could be classified as a moderate-intensity cardiovascular exercise. This has been supported by crosssectional studies as well as intervention studies that have reported higher levels of peak oxygen consumption in people who perform regular tai chi exercise. 53-55
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Cardioprotective Effects of Tai Chi Exercise Training in Patients With Type 2 Diabetes
Cross-sectional studies have indicated that regular tai chi exercise training is associated with increased arterial inflow (measured via impedance plethysmography), skin blood flow, cutaneous blood flow, and nitric oxide metabolites in plasma compared to age-matched control subjects. 53, 56 Although these measures are associated with technical problems and physiological confounders, it is plausible that tai chi may improve vascular function via similar mechanisms as conventional cardiovascular endurance exercise training. Results from other nonrandomized and randomized, controlled trials have indicated reductions in blood pressure levels and submaximal heart rate similar to those from conventional cardiovascular exercise training in people with hypertension or established CVD. 54, 55, 57, 58 However, in a randomized, controlled trial, Lam et al. 51 did not find any difference in blood pressure or lipid profile after 6 months of regular tai chi exercise training in patients with type 2 diabetes, as compared to a usual-care control group.
There appears to be a modest reduction in triglycerides and small increase in HDL cholesterol similar to that reported in the meta-analyses of conventional exercise in the few studies that have investigated changes in lipid profile, but the results have varied. 51, 54 There may also be an associated improvement in parasympathetic control as evidenced by improved heart rate variability in tai chi exercisers in a cross-sectional study (published in Chinese), as reported by Wang et al. 54 Although these preliminary results are promising, the majority of studies have lacked either randomization or control group assignment or both. In addition, the published studies have been vague about the outcomes reported and have lacked appropriate statistical analyses. The few randomized, controlled trials published have varied significantly in results, with some studies reporting improvements in CVD risk factors and others failing to identify any significant improvements in CVD risk factors.
Qigong Exercise Training in the Prevention and Management of Type 2 Diabetes
Qigong is an ancient form of therapeutic exercise practiced in China (often as part of tai chi). Qigong has been described as a movement meditation exercise, which combines a shifting center of gravity with circular and spiral movements and meditative breathing techniques. 59 There are numerous branches of qigong; however, for the purpose of this review, all branches will be referred to only as "qigong."
This form of meditative exercise has recently gained significant popularity, especially among older adults. Few trials have investigated the impact of qigong in individuals with chronic diseases. Many published studies have been conducted in China and have not been translated into English. 59 In 1999, Iwao et al. 60 published a small pilot study (n = 10) investigating the acute impact of qigong walking (slow walking combined with circular movements and breathing techniques) on plasma glucose levels in individuals with diabetes. This study reported a decrease in blood glucose levels with qigong walking, albeit a somewhat smaller decrease than that seen with "conventional" walking exercise (7 vs. 23 mg/dl). Qigong walking can result in an increase in heart rate and blood pressure similar to moderate-intensity exercise (60-65% heart rate reserve), which theoretically should result in protective benefits similar to regular walking exercise. However, this has not been investigated in randomized, controlled trials in individuals with impaired glucose tolerance or diabetes. 59 A small, randomized, controlled study investigated the effect of 4 months of qigong exercise on A1C levels in individuals with type 2 diabetes. 61 This study reported a significant reduction of A1C levels of 0.68%, as compared to a usual-care control group. After a 4-month crossover period during which the control group performed qigong exercise in the same manner as the intervention group, A1C levels were significantly reduced (0.94%), as compared to baseline. 61 A review by Xin et al. 59 of the efficacy of qigong on the management of diabetes was published in 2007. This review found 69 published studies, but only 11 met inclusion criteria of a prepost test design with measures of A1C and fasting glucose; 10 of these were published in Chinese and 1 in English. The review reported a wide variation in the style of qigong studied and the duration of study period, small sample sizes, and only one study that included a control group. Despite these major problems, it appears that qigong exercise may be beneficial in improving glucose control, with reductions in A1C levels between 0.8 and 0.94%, similar to other modes of exercise training. 59 Again, a definite conclusion cannot be made regarding the potential benefits of qigong exercise because of the lack of properly designed randomized, controlled trials.
Qigong is believed to result in reduced levels of stress and (similar to yoga and tai chi) reduced sympathetic stimulation, thereby lowering circulating catecholamines and stress hormones such as cortisol, which should result in lower glucose levels. 62 Furthermore, since qigong appears to provide a cardiovascular stimulus, it is plausible that similar benefits can be achieved with either conventional moderate walking or qigong walking. 60, 63 There is also skeletal muscle activation that occurs with qigong that potentially could upregulate insulinindependent glucose transporters similar to other modes of exercise.
Cardioprotective Effects of Qigong Exercise Training in Patients With Type 2 Diabetes
There are few investigations reporting the impact of qigong exercise on CVD risk factors in patients with type 2 diabetes. Most published studies have been reported in Chinese, lacked randomized and controlled designs, and have been under-powered. The review by Xin et al. 59 in 2007 included trials that were published in Chinese and English. This review found some evidence that qigong exercise had a positive impact on blood pressure, triglyceride levels, and total cholesterol in people with type 2 diabetes. Although changes were similar to conventional cardiovascular exercise training, these findings must be viewed with caution, due to the wide variation in research design and lack of properly designed randomized, controlled trials.
Randomized, controlled trials are limited; however, Lee et al. 62 investigated the impact of 10 weeks of qigong exercise or control (randomized) on blood pressure levels in patients with essential hypertension and found a significant reduction in both systolic and diastolic blood pressure in the qigong group. There was a significant decrease in circulating catecholamines in the qigong group, as compared to the control group, suggesting that the observed reduction in blood pressure levels may be related to a decrease in sympathetic stimulation and lower levels of circulating catecholamines. Lee et al. 64 further reported that total cholesterol, HDL cholesterol, apolipoproteins, and A1C decreased after 8 weeks of qigong exercise, as compared to a control group. A meta-analysis attempted to quantify the efficacy of qigong exercise in improving CVD risk factors using studies published in Chinese and English. 65 This review reported that blood pressure appears to be reduced after qigong exercise, as compared to no exercise based on three studies.
Limitations of Published Trials of Alternative Forms of Exercise in the Prevention and Management of Type 2 Diabetes
Although the body of literature investigating the effectiveness of alternative forms of exercise training to prevent and manage chronic diseases such as diabetes is increasing, significant challenges persist. These include the following:
There are numerous forms of each 1.
type of exercise, with slight variations in emphasis from style to style and in how many movements are performed and the use of additional materials (e.g., martial art weapons). Numerous variations of the struc-2.
ture of exercise exist such as individual, group, or leader-based exercise. The duration, frequency, intensity, 3.
or progression of exercise is rarely reported or standardized and has varied greatly between studies. T here is a lack of prop erly 4.
designed, randomized, controlled studies with sufficient sample size to detect either clinically or statistically meaningful differences.
Conclusion
Although many individuals enjoy yoga, tai chi, and qigong as their preferred mode of exercise training, the evidence base for its use for the prevention and management of type 2 diabetes is limited and inconclusive. Based on the presented evidence, it cannot be concluded that yoga, tai chi, or qigong are as effective as cardiovascular, resistance, or the combination of cardiovascular and resistance exercise training for the prevention and management of type 2 diabetes. 25 Lund S, Holman GD, Schmitz O, Pedersen O: Contraction stimulates translocation of glucose transporter GLUT4 in skeletal muscle through a mechanism distinct from that of insulin. 
